Introduction: Attention deficit hyper activity disorder (ADHD), is the most prevalent neurodevelopmental disorder of childhood, which is characterized by the presence of inattention, hyperactivity, and/or impulsivity, EEG is the substrate of brain activity underlying cognition and behavior. Objective: To detect the abnormalities in the electroencephalogram (EEG) in patients with ADHD also to find the relation between attention deficit hyperactivity disorder symptom severity and results of EEG. Method: sixty patients of ADHD and 60 age and sex matched control were evaluated with EEG to detect abnormal waves. Results: Patients with ADHD show abnormal EEG results in the form of background slowing in3 patients (5%) and epileptiform discharge in 19 patients (32%) frontal slowing in 13 patients(22%) normal EEG in 25 patients (42%) . Conclusion: There is increased low frequency activity and decreased high frequency activity in children with ADHD, this may aid as an indicator in the diagnosis of ADHD
INTRODUCTION
ttention-Deficit/Hyperactivity Disorder (ADHD) is a developmental disorder of executive function that impairs the ability to focus, increases impulsivity, and increases motor activity. The condition is usually diagnosed between the ages of 6 to 12, but symptoms can persist into adulthood. Treatment of adults with persistent symptoms is becoming increasingly common [1] . ADHD is an impairing neuropsychiatric, neurodevelopmental debilitating disorder with preschool onset and persistent childhood condition [2] . It is characterized by symptoms of developmental, inappropriate hyperactivity, inattention and impulsive behavior [3] . ADHD is a disorder with multiple etiologies, combinations of genetic, neurological, and environmental factors contribute to pathogenesis and its heterogeneous phenotype [4] . Recent studies suggest that ADHD is polygenic, and a variety of genes contribute to the development of the disorder. At the neurochemical level, both dopamine and norepinephrine are implicated with pharmaceutical intervention targeting these neurotransmitters [5] . Executive function occurs in the prefrontal cortex. Dopamine plays an essential role in the cortex in maintaining this function. Dopaminergic neurons participate in the regulation of expectation, memory, activity, attention, reward, emotional state, and motivation .The dopamine system is highly sensitive to hypoxia, particularly in the fetus or infant. Thus any event, pre-or postnatally, that disrupts the flow of blood or oxygen to the brain might set the stage for later attention deficit hyperactivity disorder behaviors [6] . Close relationship exists between attentiondeficit hyperactivity disorder (ADHD) and epilepsy [7] .
A
Concerning electroencephalography, the prevalence of subclinical epileptiform discharges range from 4.9% to 60% in ADHD children without clinical seizures was shown. Subclinical epileptiform discharges are predominantly focal (bilateral or right sided) mostly over rolandic areas. Subclinical electroencephalographic epileptiform activity during sleep affects cognition and behavior in children with rolandic epilepsy [8] . Epilepsy and ADHD may be two different independent expressions of a common underlying neurobiological abnormality [9] . Another common finding in ADHD patients is excess slow-wave activity and increased epileptiform spike and wave activity. These findings were thought to suggest under arousal and maturational delay as underlying patho-physiologies in ADHD. Furthermore, children with ADHD who had greater excess slow-wave activity were more likely to have a positive response to stimulant medication, a finding that fits well with cortical under arousal theories, EEG studies in ADHD research have helped to clarify and refine these early findings [10] .
SUBJECTS AND METHODS
The study (case-control study) was held at Zagazig University Hospitals; Pediatrics and Psychiatry outpatient clinics in the period between September 2016 to January 2018. Patient group involve 60 patient (42 male and 18 female) presenting with attention deficit hyperactivity disorder fulfilling the inclusion criteria of Diagnostic and Statistical Manual of mental disorders IV-TR [11] and ranging in age from 6 years to 12 years with a mean age 8. 3± 1.8 years, control group age and sex matched were recruited for comparison. Written informed consent should be obtained from all participants and the study should be approved by the research ethical committee of Faculty of Medicine, Zagazig University. The work should be carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for studies involving humans.
All patients in the study were subjected to the following: 1-Full history taking including: Proper history taking to detect factors predisposing to ADHD this include pregnancy history and history of peri-partum hypoxia, developmental history including motor and mental and speech history, medical history for exclusion of any concurrent medical disorders, family history of similar conditions and history of any other psychiatric illness, parent judgment of school achievement to assess learning disorders. 2-Full general examination to exclude cases with medical illness. 3-Full neurological examination including standardized examination of motor system, sensory system, cranial nerves, gait and coordination. 4-Clinical psychiatric assessment based on items of Diagnostic and Statistical Manual of mental disorders IV-TR (DSM-IV-TR) criteria ,assessment of severity was performed using ADHDT (attention deficit hyper activity disorder test) which is 36 items scale which compromise basic aspects of the disorder (hyperactivity-impulsivity-inattentiveness). 5-EEG study to detect electroencephalographic changes in the patient fulfilling inclusion criteria. Procedure of EEG Electroencephalography (EEG) was done to all patients using the Stellate Harmonie system. This system has a standard number of 28 channels. During this procedure, the EEG is recorded, accompanied by continuous observation of patients. During EEG monitoring, the patient wears an EEG transmitter connected to coaxial cable. EEG signals are transmitted to the EEG recording device, The entire duration of the EEG evaluation was analyzed, a sharp wave was considered epileptiform when it had a sharp morphology, duration of < 200 ms, and was clearly distinct from EEG background. Each EEG was analyzed by visual inspection to comment on:  Background activity frequency and amplitude during wakefulness  Presence of any abnormal activity (e.g. sharp waves, slow waves and spike-slow wave complexes) -Symmetry between both hemispheres. Diagnostic test evaluation  Sensitivity: probability that a test result will be positive when the disease is present (true positive rate).  Specificity: probability that a test result will be negative when the disease is not present (true negative rate).  Positive predictive value: probability that the disease is present when the test is positive.  Negative predictive value: probability that the disease is not present when the test is negative.  Accuracy: overall probability that a patient will be correctly classified. [12] . The Core symptoms include a functionally significant level of inattentiveness and distractibility (difficulty staying on task, completing work) and also frequently involve impairments in executive functioning (organization, working memory), as well as increased behavioral and verbal impulsivity (talking out of turn, interrupting) and motor restlessness (difficulty remaining seated) [13] . Currently the number of patients diagnosed as ADHD during childhood and adolescence is increasing [14] . Our study (case control) was held in Zagazig university hospitals outpatient clinic (pediatric neurology and psychiatry clinics) on 60 patient newly diagnosed clinically using Diagnostic and Statistical Manual of mental disorders IV(DSM-IV-TR) as ADHD, aged 6-12 years ,both genders where included, and on control group age and gender matched. Patient and control groups were subjected to full history taking, including factors predisposing to ADHD, full general examination, full neurological examination and psychiatric evaluation. Patient and control groups were investigated with electroencephalogram (EEG), to detect any abnormal waves.
Since our sample was age and gender matched from the beginning, there were no age and gender significant differences. This denotes that the studied samples were homogenous as the mean age in attention deficit hyperactivity disorder patients was 8.3 (±1.8) years while in control group it was 8.3 (±1. 3) years. Regarding sex distribution among our patients , males were 70% of patient group (42 patient) and females where 30% (18 patient), this in agreement with Novik et al ., 2006 [15] who stated that ADHD is more commonly diagnosed in males, with the sex ratio ranging from 2:1 to 10:1, also Bruchmuller et al ., 2012 [16] found that the gender ratios of males to females in ADHD children were from 2:1 to 9:1 in clinical subjects and 2:1 to 3:1 in community samples. In contrast to our study, Mitchison GM, Njardvik U., 2015 [17] stated that there is no support for sex differences for ADHD symptoms and co-occurring problems in clinical samples. Also Quinn PO., 2008 [18] stated that females with ADHD are more likely to present with predominantly inattentive symptoms, and less hyperactive/ impulsive or conduct problems than males, and are thus perceived as less problematic .
As for family history, there was significant difference between patients and control groups regarding the presence of psychiatric illness in one parent at least (P Value = 0.015). This strongly suggests a hereditary basis to attention deficit hyperactivity disorder. This agrees with Andrew S et al., 2107 [19] who stated that socioeconomic status and parental history of ADHD are strong risk factors for ADHD that interact to determine prevalence Also our results were consistent with Nigg, 2006 [20] who noted the higher prevalence of psychiatric diseases in the parents of children with ADHD where, 10-35% of the family members of children with ADHD are likely to have the disorder. Also, Barkley et al., 2008 [21] found that if a parent had attention deficit hyperactivity disorder, the risk of development of the disorder in his/her children reached 40-57 %.
The results of our study revealed very highly statistically significant association between school achievement and severity of ADHD (P<.001) according to parent judgment of school achievement, this agrees with Garner et al., 2013 [22] who found that parent ratings of inattention and hyperactivity-impulsivity symptoms emerged as the strongest predictor of later academic underachievement. Also Polderman et al., 2010 [23] found that inattention is a core risk factor for poor academic achievement in both clinical and population based samples. Lundervold et al., 2017 [24] found that features of inattention, in particular from a parent's perspective, are of crucial importance in predicting high-school achievement so, remediation of problems related to inattention may provide benefit not only for academic and later vocational problems but also for social interactions and general mental health Fried et al., 2016 [25] . EEG findings in our study revealed the following results:-background slowing in (5%) of patient while frontal slowing represent (21.6%) and epileptiform discharge in (31.6%) this goas hand by hand with Snyder and Hall, 2006 [26] who reported that EEG abnormalities in children with ADHD , include excess slow-wave activity and increased epileptiform spike and wave activity. Also in agreement with Ogrim et al., 2012 [27] who stated that most children with ADHD display fairly consistent EEG differences in brain electrical activity as compared to normal children, particularly with respect to their increased fronto-central theta (4-7 Hz) activity during primarily resting state conditions. There was a very high statistically significant association between EEG findings and severity of ADHD especially frontal slowing and epileptiform discharge (P=.001), this agrees with Roessner et al., 2006 [28] who found that impairment of executive functions -in particular inhibitory deficits-may be directly linked to brain abnormalities especially interictal epileptiform discharge. Kim EH et al., 2014 [29] found that there is significant negative impact of epileptiform discharge activation in patients with ADHD on their neuropsychological profiles. CONCLUSION From the results of our study we conclude than electroencephalogram (EEG) can be used side by side with clinical data in diagnosis of Attention deficit hyper activity disorder.
